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METHODS OF IDENTIFYING AND CHARACTERIZING MUTATIONS WITHIN 
BACTERIAL DNA GYRASE AND FABI 

BACKGROUND OF THE INVENTION 

Discovery and development of an antibacterial agent is aided by the 
knowledge by which the compound inhibits cell growth. A common technique in 
elucidating this information is to isolate mutants that alter the susceptibility of the 
organism to the compound and identify what mutation is responsible for the 
phenotype. By identifying what gene the mutation lies in, or affects the expression 
of, one can often learn what cellular pathway the compound inhibits, what the 
compounds binds jto to affect growth, and obtain information about how the 
compound binds to the target molecule. 

Random rnutagenesis followed by phenotypic selection, such as resistance 
to an antibacterial; agent, has been shown to be an effective technique to establish 
structure-flinctioi^ relationships for proteins in yeasts, viruses and baaeria 
(Kwan T., Gros P., Biochemistry, 1998;37:3337-3350; Loeb D.D. et al.. Nature, 
1989;340(6232)::^97-400; RoUi V. et dl . Biochemistry, 1997;36:12147-12154). 
The success of such experiments is determined, in part, by the randomness of the 
mutagenic procedure, the ability to select for mutants of interest, the numbers of 
mutant cells that can be generated, and the ability to identify the mutation that is 
responsible for thje phenotype of a selected mutant. This procedure has been used 
to isolate mutants of genes that are cloned into plasmids or other 
extrachromosomal elements. While this can work in some instances, the 
technique is labor intensive and is complicated in cases where the strain is diploid 
for the gene of interest or toxic when the gene of interest is expressed from a 

multicopy plasmid. 

i 

Recently, Kok et al have shown that combining mutagenesis of a defined 
fragment by PCR with natural transformation is a way to identify mutations which 
abolish the function of PobR in Acinetobacter region (Kok R,, D' Argenio D., and 
Omston L,N., Combining localized PCR mutagenesis and natural transformation 
in direct genetic analysis of a transcriptional regulator gene, pobR, J. Bac, 
1997;179:4270-4276). This technique exploits the ability of Acinetobacter to take 
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resistance in spontaneous mutants and mutants generated using DNA damaging 
agents. 



SUMMARY OF THE INVENTION 

This instant invention is a method for identifying molecular targets in 
bacteria treated with an antibacterial compound. The method is based on creating 
and identifying mutations in bacteria that confer altered susceptibility to an 
antibacterial compound. The mutations provide valuable information about the 
molecular target of the compound and how the compound and target interact. The 
bacteria! strains generated can be used to provide information that could be useful 
in identifying and characterizing compounds that could be used or developed for 
treating bacterial j infections of humans, other animals and plants. 

Using Neisseria gonorrhoeae, we subjected gyrA or fabi to site-specific 
and random nucleotide mutagenesis to identify mutations that conferred resistance 
to ciprofloxacin or diphenyl ethers, respectively. These experiments identified 
previously described and novel mutations associated with resistance to these 
compounds. These experiments also demonstrate the ability to create and identify 
mutations in Neisseria gonorrhoeae associated with resistance to antibacterial 
compounds by combining random mutagenesis with phenotypic selection. 

The instant invention is a system that allows for the simultaneous 
creation and identification of mutations that confer resistance to antibacterial 
compounds. 

This technology is for the identification, or isolation and identification, of 
mutations respoilsible for altered susceptibility of several bacteria to chemicals (or 
any other selectable phenotype). This invention can be used in any bacteria that 
can be transformed with DNA, can carryout homologous recombination and for 
which the genonie sequence can be determined. Examples of these include, but are 
not limited to: Neisseria gonorrhoeae, Haemophilus influenzae. Streptococcus 
pneumoniae, Acinetobacter, Escherichia coli. Staphylococcus aureus. 
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(57) Abstract 

The instant invention allows for the simultaneous creation 
and identification, or identification of mutations that confer resis- 
tance to antibacterial compounds. 
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kilobasepairs for each PGR product) and use to amplify 

chromosomal DNA from the strain isolated in 'd' 

i 

Transforming N400 with the PGR products from 'e' to define the 
ai^proximately 2 kilobasepair or smaller region of the chromosome 
th^t has the mutation or mutations responsible for the altered 
susceptibility; 

Sequencing the DNA from the approximately 2 kilobasepair or 
sinaller region defined in T . 

Comparing the DNA sequence Avith DNA sequence from the same 
region from N400. If a single change in the order of the 
nucleotides is found, this change is defined as a mutation which 
confers altered susceptibility to the compound. If more than one 
change is observed, additional rounds of primer design, PGR 
aniplification, transformation and selections are executed so that 
the contribution of each mutation to the phenotype can be 
determined. 



20 



25 



30 



This invention can also be used to identify mutations that confer altered 
susceptibility to d chemical in strains of Neisseria gonorrhoeae that have 
previously been isolated using other methods. In this case. Step 'a' above would 
be: 

a) Generating a defined set of overlapping PGR products (about 10 
kilobasepairs per product) using chromosomal DNA from a mutant strain of 
Neisseria gonorrhoeae as a template that had previously been generated and 
demonstrated to l^e more or less susceptible to a chemical than N400. The PGR 
products, taken together, comprise the complete DNA composition of the 
chromosome of the mutant organism. 

Steps b-h would be identical to that described above. 

Further, tl^e invention is a process for identifying and characterizing drug- 
target interactionS| using Neisseria gonorrhoeae comprising: 

a) mutagenizing randomly a defined region of the chromosome that 
ma^ alter susceptibility to chemical compounds. This region can 
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methods of identifying and characterizing mutations within 
bacherial dna gyrase and fabi 



BACKGROUND OF THE INVENTION 



Discovery and development of an antibacterial agent is aided by the 
knowledge by which the compound inhibits cell growth. A common technique in 
elucidating this information is to isolate mutants that alter the susceptibility of the 

organism to the cpmpound and identify what mutation is responsible for the 

I 

phenotype. By identifying what gene the mutation lies in, or affects the expression 

i 

of, one can often jleam what cellular pathway the compound inhibits, what the 

compounds binds to to affect growth, and obtain information about how the 

i 

compound binds to the target molecule. 

Random ijnutagenesis followed by phenotypic selection, such as resistance 
to an antibacterial agent, has been shown to be an effective technique to establish 

structure-function relationships for proteins in yeasts, viruses and bacteria 

i 

(Kwan T., Gros P., Biochemistry, 1998;37:3337.3350; Loeb D.D. et al.. Nature, 
1989;340(6232):^97-400; Rolli V. et al.. Biochemistry, 1997;36:12147.12154). 
The success of such experiments is determined, in part, by the randomness of the 
mutagenic procedure, the ability to select for mutants of interest, the numbers of 
mutant cells that jean be generated, and the ability to identify the mutation that is 
responsible for the phenotype of a selected mutant. This procedure has been used 
to isolate mutants of genes that are cloned into plasmids or other 
extrachromosomal elements. While this can work in some instances, the 
technique is labojr intensive and is complicated in cases where the strain is diploid 
for the gene of interest or toxic when the gene of interest is expressed from a 

multicopy plasmid. 

I 

Recentlyj Kok et al have shown that combining mutagenesis of a defined 
fragment by PCR with natural transformation is a way to identify mutations which 
abolish the function of PobR in Acinetobacter region (Kok R., D' Argenio D., and 
Omston L.N., Cpmbining localized PCR mutagenesis and natural transformation 
in direct genetic {analysis of a transcriptional regulator gene, pobR. J, Bac, 
1997;179:4270-4276). This technique exploits the ability of Acinetobacter to take 
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(a) generating DNA fragments by polymerase chain reaction 

i amplification of the bacterial chromosome corresponding to 
• j regions of the bacterial chromosome which may contain a 
j mutation; 

(b) allowing one or more of the DNA fragments to be incorporated 
j into the chromosome of a bacteria that does not display the 

j identifiable phenotype by homologous recombination; 

I 

(c) isolating bacteria that demonstrate the identifiable phenotype; 
and 

repeating steps a through c until a single DNA fragment less than 
abjout 10 kilobases in length is identified as being responsible for 
the mutation; and 

identifying the mutation contained in the DNA fragment. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the generation of site-specific mutants using splicing by 



overlapping extension 

Figure 2 
resistant mutations 

Figure 3 
PCR-mediated 

Figure 4 



shows the generation of Neisseria gonorrhoeae with quinolone 
xxigyrA. 

shows transformation efficiencies and genotjrpes isolated from 
nriutagenesis of gyrA. 
illustrates an overview of rapid antimicrobial target elucidation. 



DETAILED DESCRIPTION OF THE INVENTION 

Understanding the mechanism of inhibition of antibacterial compounds is 
beneficial to the discovery and development of an effective antibiotic. Natural- 
competence and the highly recombinant nature of Neisseria gonorrhoeae make 
this organism ideal for identifying and charaaerizing drug-target interactions. We 
use Neisseria gonorrhoeae to demonstrate the utility of this invention, however 
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resistance in spontaneous mutants and mutants generated using DNA damaging 
agents. 



SUMMARY OF THE INVENTION 

This instant invention is a method for identifying molecular targets in 
bacteria treated with an antibacterial compound. The method is based on creating 
and identifying ijnutations in bacteria that confer altered susceptibility to an 

antibacterial compound. The mutations provide valuable information about the 

i 

molecular targetjof the compound and how the compound and target interact. The 

j 

10 bacterial strains generated can be used to provide information that could be useful 

in identifying and characterizing compounds that could be used or developed for 
treating bacterial infections of humans, other animals and plants. 

Using Neisseria gonorrhoeae, we subjected gyrA or fabi to site-specific 
and random nucleotide mutagenesis to identify mutations that conferred resistance 
to ciprofloxacin ^r diphenyl ethers, respectively. These experiments identified 
previously described and novel mutations associated with resistance to these 
compounds. These experiments also demonstrate the ability to create and identify 
mutations in Neisseria gonorrhoeae associated with resistance to antibacterial 
compounds by cjombining random mutagenesis with phenotypic selection. 

The instant invention is a system that allows for the simultaneous 
creation and identification of mutations that confer resistance to antibacterial 
compounds. 

This technology is for the identification, or isolation and identification, of 
mutations responsible for altered susceptibility of several bacteria to chemicals (or 
any other selectable phenotype). This invention can be used in any bacteria that 
can be transformed with DNA, can carryout homologous recombination and for 
which the genome sequence can be determined. Examples of these include, but are 
not limited to: Neisseria gonorrhoeae, Haemophilus influenzae. Streptococcus 
pneumoniae, Acinetobacter, Escherichia coli. Staphylococcus aureus, 
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shown in Table 1. Strains generated as a result of these experiments are NG-2691, 
NG-2698, GC 156 and GC 158. 



TABLE 1 . gyrA Ciprofloxacin Resistant Mutations 

Identified by QRDR Random Mutagenesis 
with a Degenerate Oligonucleotide 



Quinolone resistant genotypes 



MGDSAVYDTI VRMAQN (Seq.l) 
I E F G 
C N 
H 
E 
A 



To identify other mutations leading to ciprofloxacin resistance that may 

not be located between residues 88 and 103 of gyrA, PGR of an 8.8 kilobasepair 

1 

fi^agment containing gyrA was performed to create a pool of PGR products with 
random nucleotide substitutions distributed across the entire region (Kok R. et al, 
1997). This ppol was subsequently introduced into N400 by transformation and 
strains with mutations leading to ciprofloxacin resistance were isolated (Figure 3). 

Ciprofloxacin resistant colonies were observed at a fi-equency of 10"^ for bacteria 

I 

transformed with the PCR generated library. This frequency was at least 4 orders 
of magnitude higher than that observed for cells that were not transformed 
indicating that | the mutations were likely generated as a result of the PCR 
amplification juid in the region of chromosome corresponding to the 8.8 
kilobasepair PCR product used in the transformation. 

To identify where in the 8.8 kilobasepair fragment the mutation 
responsible for the resistance was located, oligonucleotide primer pairs were 
designed to PCR amplify an 800 base pair product of the 5' portion of gyrA 
containing the QRDR. Each PCR product was then used to transform 
ciprofloxacin sensitive strains and, in all cases, was able to generate ciprofloxacin 
resistant coloi^ies at high frequencies. Therefore, all ciprofloxacin resistant strains 

generated usinig an 8.8 kilobasepair random library contained a mutation in the 

i 

800 base pair region containing the 5' region of gyrA, 
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kilobasepairs for each PCR product) and use to amplify 

I 

chromosomal DNA from the strain isolated in 'd'. 
Transforming N400 with the PCR products from 'e' to define the 
approximately 2 kilobasepair or smaller region of the chromosome 
that has the mutation or mutations responsible for the altered 
susceptibility; 

Sequencing the DNA from the approximately 2 kilobasepair or 
smaller region defmed in T. 

C omparing the DNA sequence with DNA sequence from the same 
region from N400. If a single change in the order of the 
nucleotides is found, this change is defined as a mutation which 
confers altered susceptibility to the compound. If more than one 
cliange is observed, additional rounds of primer design, PCR 
amplification, transformation and selections are executed so that 
the contribution of each mutation to the phenotype can be 
determined. 



This invention can also be used to identify mutations that confer altered 
susceptibility to a chemical in strains of Neisseria gonorrhoeae that have 
previously been isolated using other methods. In this case. Step 'a' above would 
be: 

a) Generating a defmed set of overlapping PCR products (about 10 

kilobasepairs per product) using chromosomal DNA from a mutant strain of 

I 

Neisseria gonorrhoeae as a template that had previously been generated and 
demonstrated tojbe more or less susceptible to a chemical than N400. The PCR 
products, taken ^ogether, comprise the complete DNA composition of the 
chromosome of the mutant organism. 

Steps b-ll would be identical to that described above. 



30 



Further, the invention is a process for identifying and charaaerizing drug- 
target interactions using Neisseria gonorrhoeae comprising: 

a) 4^tageni2ing randomly a defined region of the chromosome that 
may alter susceptibility to chemical compounds. This region can 
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(a|) generating DNA fragments by polymerase chain reaction 
j amplification of the bacterial chromosome corresponding to 
regions of the bacterial chromosome which may contain a 
mutation; 

(b) allowing one or more of the DNA fragments to be incorporated 
into the chromosome of a bacteria that does not display the 
identifiable phenotype by homologous recombination; 

(c) isolating bacteria that demonstrate the identifiable phenotype; 
and 

repeating steps a through c until a single DNA fragment less than 
about 10 kilobases in length is identified as being responsible for 
ttie mutation; and 

identifying the mutation contained in the DNA fragment. 



BRIEF DESCRIPTION OF THE DRAWD4GS 



15 



Figure 1 



20 



25 



shows the generation of site-specific mutants using splicing by 



overlapping extension. 

Figure 2 shows the generation of Neisseria gonorrhoeae with quinolone 
resistant mutaticjns in gyrA. 

Figure 3 Ishows transformation efficiencies and genotypes isolated from 
PCR-mediated mutagenesis of gyrA. 

Figure 4 illustrates an overview of rapid antimicrobial target elucidation. 



DETAILED DESCRIPTION OF THE INVENTION 

i 

Understanding the mechanism of inhibition of antibacterial compounds is 

beneficial to th^ discovery and development of an effective antibiotic. Natural- 

I 

competence and the highly recombinant nature of Neisseria gonorrhoeae make 
this organism i^eal for identifying and characterizing drug-target interactions. We 
use Neisseria gonorrhoeae to demonstrate the utility of this invention, however 
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" Table 2: Neisseria gonorrhoeae strains 
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Strain Name | 


Parent | 


Genotype 


Codon ahcntion 


NG-2707 


N400 


gyrA E62K 


GAG-AAG 


GC318 


>M00 


gyrA 1j63Q 


CTG-CAG 


NG-2721 


N400 


gyrA L63R 


CTG-CGG 


NG-2711 


N400 


gyrA N65H 


AAT-CAT 


NG.2706 


h^OO 


gyrA D80G 


GAC-GGC 


NG-2717 


NflOO 


gyrA D80A 


GAC-QCC 


NG-2687 


N400 


gyrA S91F 


TCC-TTC 


GC158 


N^OO 


gyrA S91C 


TCC-TGC 


NG-2690 


WOO 


gyrA S91A 


TCC-GCC 


GC219 


n|400 


gyrA A92P 


GCA-TCA 


GC291 


N400 


gyrA D95G 


GAC-GGC 


NG-2691 


N400 


gyrA D95A 


GAC-GCC 


NG-2720 


1 

14400 


gyrA D95V 


GAC-GGC 


NG.2723 


N400 


gyrA D95Y 


GAC-TAC 


GC156 


1 

N400 


gyrA D95E 


GAG -GAG 


N&-2698 


N400 


gyrA D95H 


GAC-CAC 


NG-2709 


N400 


gyrA S91F4»5G 


TCC-TTC, GAC-GGC 


NG-2716 


N400 


gyrA Q114H 


CAG-CAT 


NG-2719 


N400 

1 


gyrA M135V 


ATG-GTG 


NG-2712 


N400 


gyrA E161G 


GAA-GGA 


NG-2669 


]s]400 


fabl I15V 


ATT-GTT 


NG-2654 


ljI400 


fabi 120T 


ATC-ACC 


NG-26S1 


N400 


fabJ G23S 


GGC-AGC 


NG-2670 


N400 


fabr A25V 


GCC-GTC 


NG-2660 


N400 


fabl MS IT 


ATG-ACG 


NG-2641 


1 


SI400 


fabl S91T 


TCC-ATC 


NG-2639 


: 


0400 


fabl D86D, G93A 


GAG- GAT, GGC-GCG 


NG-2638 


: 


4400 


fabJ G93S 


GGC-AGC 


NG-2640 




4400 


fabl G93C 


GGC-TGC 


NG-2648 




4400 


fabl G93V 


GGC-GTC 


NG-2657 




'MOO 


fabJ A95T 


GCG-ACG 


NG-2656 




M400 


fabl A99G 


GCC-GGC 


NG-2653 




N400 


fabl F104V 


TTC-GTC 


NG-2658 




N400 


fabl L105H 


CTC-CAC 


NG>2663 




N400 


fabl A144V 


GCC-GTC 


NG-2642 




moo 


fabi Y147H 


TAC-CAC 


NG-2671 




N400 


fabJ G149A 


GGC-GCC 


NG-2652 




N400 


fabl V159A 


GTG-GCC 


NG-2661 




N400 


fabJ M160I 


ATG-ATA 


NG-2644 




N400 


fabl M162V 


ATG-GTG 


NG-2667 




N400 


fabJ 1193 V, Q5Q 


CAA-CAG, ATC-GTC 


NG-266S 




N400 


/aW I193N 


ATC-AAC 


NG-26S5 




N400 


/flW T195S 


ACG-TCG 


NG-2643 




N400 


fabl I201V 


ATC-GTC 


NG-2666 




N400 


/aW D203V 


GAT-GTT 


NG-2664 




N400 


fabl D203Y 


GAT-TAT 


NG-2647 




N400 


F204A 


TTC-GCG 


NG-2646 




>M00 


/flfr; F204L 


TTC-TTG 


NG-26S0 




M400 


/flWF204S 


TTC-TCC 


NG-2649 




)4400 


fablTTSm 


TTC-ATC 


NG-2645 




N400 


fabl F204H 


TTC-CAC 


NG-2659 




N400 


fabl A112T 


GCC-ACC 


NG-2662 




N400 


fabl A212V 


GCC-GTC 


NG-2672 




N400 


/flW Y247N 


TAT-AAT 



IPhenotype for selection 



tClinafloxacan resistant 
Clinafloxacin resistant 
Clinafkucacin resistant 
Clinafloxacin resistant 
Iciinanoxacin resistant 
Clinafloxacin resisUnt 
I Clinafloxacin resistant 
I Clinafloxacin resistant 
Iciinafloxacin resistant 
{clinafloxacin resistant 
I Clinafloxacin resistant 
I Clinafloxacin resistant 
Iciinafloxacin resisUnt 
IClinafloxacin resistant 
iciinafloxacin resistant 
Clinafloxacin resistant 
{Clinafloxacin resistant 
Iciinafloxacin resistant 
Iciinafloxacin resistant 
Iciinafloxacin resistant 
jDHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
IdHDPE resistant 
DHDPE resistant 
IdHDPE resisUnt 
DHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
IdHDPE resistant 
pHI^% resistant 
IDHDFE resistant 
DHDPE resistant 
I DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
pHDFE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdH[X*E resistant 
IdHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE r 
DHDPE r 
DHDPE r 
pHE^E resistant 
DHDPE resistant 
ITticlosan resistant 
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shown in Table 1 . Strains generated as a result of these experiments are NG-2691, 



NG-2698, GC 



156 and GC 158. 



Ij^ABLE 1 . gyrA Ciprofloxacin Resistant Mutations 

Identified by QRDR Random Mutagenesis 
with a Degenerate Oligonucleotide 



Quinolone resistant genotypes 



HGDSAVYDTI VRI^AQN (Seq.l) 
E F G 
C N 
H 
E 
A 



To identify other mutations leading to ciprofloxacin resistance that may 
not be located between residues 88 and 103 of gyrA, PCR of an 8.8 kilobasepair 
5 fi-agment containing gyrA was performed to create a pool of PCR products with 

random nucleotide substitutions distributed across the entire region (Kok R. et al, 
1997). This pool was subsequently introduced into N400 by transformation and 
strains with mutations leading to ciprofloxacin resistance were isolated (Figure 3). 
Ciprofloxacin jresistant colonies were observed at a fi^equency of 10"^ for bacteria 

10 transformed with the PCR generated library. This fi-equency was at least 4 orders 

I 

of magnitude higher than that observed for cells that were not transformed 
indicating that the mutations were likely generated as a resuk of the PCR 
amplification jand in the region of chromosome corresponding to the 8.8 
kilobasepair I^CR product used in the transformation. 

15 To identify where in the 8.8 kilobasepair fragment the mutation 

I 

responsible fojr the resistance was located, oligonucleotide primer pairs were 
designed to p|::R amplify an 800 base pair product of the 5' portion of gyrA 
containing the QRDR. Each PCR product was then used to transform 
ciprofloxacin sensitive strains and, in all cases, was able to generate ciprofloxacin 

20 resistant colonies at high frequencies. Therefore, all ciprofloxacin resistant strains 

I 

generated using an 8.8 kilobasepair random library contained a mutation in the 
800 base pair region containing the 5' region of gyrA. 
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Table 2: Neisseria gonorrhoeae strains 



Strain Name 


Paicnt 


Genotype 


NG-2707 


N400 


gyrA E62K 


GC318 


NfOO 


SyrA L63Q 


NG-2721 


N400 


gyrA L63R 


NG-27n 


n|w)o 


gyrA N65H 


NG-2706 


N400 

1 


gyrA D80G 


NG-2717 


N400 


gyrA D80A 


NG-2687 


N400 


gyrA S91F 


GC158 


N400 

1 


gyrA S91C 


NG-2690 


N400 


gyrA S91A 


GC219 


N400 


gyrA A92P 


GC291 


N400 


gyrA D95G 


NG-2691 


14400 


gyrA D95A 


NG-2720 


N400 


gyrA D95V 


NG-2723 


N400 


gyrA D95Y 


GC156 


N400 


gyrA D95E 


NG.2698 


hl400 


gyrA D95H 


NG-2709 


N400 


gyrA S91F,D95G 


NG-2716 


>}400 


gyrA Q114H 


NG-2719 


T44O0 


gyrA M135V 


NG-2712 


N400 


gyrA E161G 


NG-2669 


>4400 


fabl I15V 


NG-2654 


ljJ400 


fabi UOT 


NG-2651 


1^00 


fabl G23S 


NG-2670 


1JJ400 


fabl A25V 


NG-2660 


N400 


faW M51T 


NG-2641 


N400 


fabl S91T 


NG-2639 


N400 


fabl D86D, G93A 


NG-2638 


N400 


fab] G93S 


NG-2640 


N400 


fabl G93C 


NG-2648 


N400 


fabl G93V 


NG-2657 


N400 


fabl A95T 


NG-2656 


N400 


fabl AS9G 


NG-2653 


N400 


fabl F104V 


NG-2658 


N400 


fabJ L105H 


NG-2663 


N400 


fabl A144V 


NG-2642 




K400 


fab! Y147H 


NG>2671 




N400 


fabl G149A 


NG-2652 




N400 


fabl V159A 


NG-2661 




N400 


/fl6/ M160I 


NCr-2644 




N400 


fabJ M162V 


NG-2667 




N400 


/afc/ I193V, Q5Q 


NG-266S 




N400 


/a67 I193N 


NG-2655 




N400 


/flfc/ T195S 


NG-2643 




N400 


fab! now 


NG-2666 




N400 


fab] D203V 


NG-2664 




N400 


/aW D203Y 


NG-2647 




N400 


fab! F204A 


NG-2646 




N400 


/flWF204L 


NG-26S0 




N400 


/aWF204S 


NG-2649 




N400 


/aWF2041 


NG-2645 




N400 


fabl F204H 


NG-2659 




hJ400 


/aW A212T 


NG.2662 




N400 


/tiW A212V 


NG-2672 




N400 


fabl Y247N 



Codon alteration 



IPhenotype for selection 



GAG-AA6 
CTG-CAG 
CTG-CGG 
AAT-CAT 
GAC-GGC 
GAC-GCC 
TCC-TTC 
TCC-TGC 
TCC-GCC 
GCA-TCA 
GAC-GGC 
GAC-GCC 
GAC-GGC 
GAC-TAC 
GAC-GAG 
GAC-CAC 
TCC-TTC. GAC-GGC 
CAG-CAT 
ATG-GTG 
GAA-GGA 
ATT-GTT 
ATC-ACC 
GGC-AGC 
GCC-GTC 
ATG-ACG 
TCC-ATC 
GAC-GAT, GGC-GCG 
GGC-AGC 
GGC-TGC 
GGC-GTC 
GCG-ACG 
GCC-GGC 
TTC-GTC 
CTC-CAC 
GCC-GTC 
TAC-CAC 
GGC-GCC 
GTG-GCG 
ATG-ATA 
ATG-GTG 
CAA-CAG, ATC-GTC 
ATC-AAC 
ACG-TCG 
ATC-GTC 
GAT-GTT 
GAT- TAT 
TTC-GCG 
TTC-TTG 
TTC-TCC 
TTC-ATC 
TTC-CAC 
GCC-ACC 
GCC-GTC 
TAT-AAT 



Ciinafloxacin lesistant 
Clinafloxacin resiitant 
Ciinafloxacin resisunt 
I Clinafloxacin resisunt 
I Ciinafloxacin resistant 
I Clinafloxacin resistant 
I Clinafloxacin resistant 
I Clinafloxacin resisUnt 
Iciinafloxacin resistant 
I Clinafloxacin resistant 
Iciinafloxacin resistant 
Iciinafloxacin resisunt 
Iciinafloxacin resisunt 
Iciinafloxacin resisunt 
Iciinafloxacin resisunt 
Iciinafloxacin resisUnt 
Iciinafloxacin resisUnt 
Clinafloxacin resisUnt 
Iciinafloxadn resistant 
iciinafloxacin r 
pHDPE resistant 
IdHDPE resistant 
IdHDPE resistant 
DHDFEr 
DHDPEf 
pHDPE resistant 
pHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
|dHDF£ resistant 
DHI^ resistant 
|dHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
pHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdHDPE resistant 
DHDPE resistant 
pHDPE resistant 
DHDPE resistant 
DHDPE resistant 
DHDPE resistant 
IdHI^% resistant 
DHDPE resistant 
pHI^E resistant 
DHDPE resistant 
iTiiclosan resisUnt 
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generate the library of DNA fragments used in the transformation that created 
mutant strain. Once the mutation has been mapped to a reasonable sized portion of 
the ciiromosome,jfor example less than 3 kilobasepairs, using an iterative process 
of primer design, jpCR amplification, transformation and selection of bacteria with 
altered susceptibility to the chemical, the DNA from the region of the mutant that 
carries the mutatijon can be sequenced. In this manner the mutation responsible 
for the altered susceptibility can be identified. From this the gene or genes 
involved in the mjechanism by which the chemical affects the growth of the 

! 

bacteria are identified. 

This system can also be used to identify mutations in a bacterial 

i 

chromosome tha^ have been generated by other means and result in a phenotypic 

i 

alteration. Examples of this are 1) strains carrying extra-chromosomal elements 

I 

that result in a detectable phenotype, such as loss of virulence, fluorescence via 
green fluorescence protein (GFP) or resistance to an antibacterial compound; or 2) 

mutant strains containing point mutations that result in resistance to antibacterial 

i 

compounds with |known or unknown targets. In the former case, PCR produas 
containing the entire genome can be systematically subjected to in vitro 

mutagenesis wheire any external fragment of DNA can be randomly inserted into 

I 

the PCR productjusing the GPS system of New England Biolabs. The resulting 
PCR products ca|i then be transformed into the wild-type strain, the extra- 
chromosomal material recombined onto the chromosome, and mutants containing 
the desired phenotype identified and isolated. In the latter case, resistant mutants 

can be generated: using chemical means such as ethylenemethane sulfonate, DNA- 

i 

damaging agent^ such as UV irradiation, or simply by isolating spontaneous 
mutants that grow on plates containing a concentration of the chemical compound 
that prevents grpwth of the parent strain. Once a strain carrying the detectable 
phenotjq^e has been generated, PCR of the entire chromosome of the mutant 
organism in defined regions can be performed and the location of the mutation 
identified as described above. 

i 

This invention allows one to identify genes and gene products that can be 
mutated and result in an altered phenotype such as changing an organism's 
susceptibility to ;a particular chemical. This can be done v/ithout any prior 
information about where in the chromosome such mutations would have to occur 
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Generation of thejPCR Product Containing site-specific gyrA Mutations 

A 480 bp gyrA PCR product was generated using primers A 
(5'-GTCCGCCAtGGCAGGTTTCTCGACAAAC-3') (Seq. 4) and B 
(5'-CATACGGAPGATGGTGCCGTAAACTGCGAAATCGCCGTGGGGGTG- 

i 

3') (Seq. 5) (altered restriction sites underlined). A 570 bp gy^'A PCR product that 
overlaps the otheif gyr>4 product was generated using primers C (5'- 
CACCCCCACGGCGMIICGCAGTTTACGGCACCATCGTCCGTATG-3') 
(Seq. 6) and D (5-CAACTTGAATTCGTTGACCTGATAGGG-3') (Seq. 7). The 
resuhing PCR products were purified and combined with primers A and D in a 
PCR reaction to liroduce a 1050 bp fragment (called the gyrA SD-FG PCR 
product) containing the desired gyrA mutations. 

i 

Generation of Quinolone Resistance Determining Region Random Library 

i 

A 800 bp PCR product containing the first 600 bp oigyrA from 
N, gonorrhoeae was amplified using the oligonucleotides GC gyrA 5' Ncol 
(5^-GTCC GCCATGG CAGGTTTCTCGACAAAC -3') (Seq. 8) and GC gyrA 3' 
Hindin (5-CCCAaGCITGATGGTGTCGGTGAGGTTG-3') (Seq. 9) (mutant 
residues in bold, Restriction enzymes sites underlined). The resulting fi-agment and 
pAlterEX-2 (Promega) were digested with Ncol and Hindlll, and ligated to create 
pAIt-gyrA. 

To generate a pool of random insertions isolated to the gyrA QRDR 
(coding for residues 88-103), the oligonucletide GC gyrA-random 
(5'-cacggcgattccgcagtttacgacacAatcgtccgtatggcgcaaaatTTCGC-3') (Seq. 10) was 
synthesized by Integrated DNA Technologies (lower case nucleotides were 
synthesized using phosphoramidite stock solutions contaminated with 0.7% of 
each non-wild tyjje phosphoramdite, underlined is destroyed Xcml site). The 
resulting pool of joligonucleotides contained an average of one random mutation 
per oligonucleotide. This 53-mer was used for site-specific mutagenesis of pAlt- 
gyrA per manufajcturer's protocol (Altered Sites, Promega). To ensure all colonies 
resulting fi-om th^ mutagenesis were not wild-type, a silent C to A mutation was 
generated in the primer (shown in bold) which destroyed a unique Xcml site. This 



allowed for all p 
plasmids. All col 



asmids to be digested wth Xcml to eliminate non-recombinant 
onies (-4000) isolated from the mutagenesis reactions were 



pooled together to generate a collection of plasmids containing random single 
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Generation of DHDPE resistant FabI mutants 

Random nlutations in fabl were generated as described previously (Kok et 
al.) using the PCIl produa generated with Gc7 (5'-GGAATTCCATATGCGTAT 
TTGAAACGTCGAATGCC-3') (Seq. 13) and Gc8 (5'- 
GCACCTGCAGCAATGCGG TAC-3') (Seq. 14) using 10 ng N400 genomic 
DNA as template] PGR reactions were performed with either Taq polymerase 

(GIBCO-BRL) or the XL PGR kit (Perkin-Elmer). Ten independent PGR 

I 

reactions were performed using each polymerase with the following reaction 
mixtures: lO^il lo|x buffer (supplied with enzyme), 10 ng N400 genomic DNA as 

template, 20 pmoles primers, 200 dNTP, and either 1.5 mM MgCh (for Taq) 

■ I 

or 2.0 mM Mg(OXc)2 (for XL PGR) (100|j.l final volume). The 20 reactions were 
pooled following |35 cycles of 95°C for 15 sec, 58°G for 30 seconds and 72°C for 
1 minute. The resulting PGR products were ethanol precipitated and resuspended 

to 0.5 ^ig/ml in HjO for subsequent transformation of gonococcal strains. 

i 

N400 was! transformed with mutant PGR products using either the spot 
transformation technique on solid media or liquid transformation as described 
previously. The <^lls were than plated on GG solid media containing 0.5, 2 or 10 
^g DHDPE per ml to select for DHDPE-resistant bacteria. Isolated colonies were 
passaged 2 times on GG solid media to ensure homogeneity. The fabl alleles were 
PGR amplified directly from colonies using Gc7 and Gc8 and sequenced. All 
PGR products co titaining^2>/ mutations were used to transform N400 and the 
selection process was repeated. If the frequency of obtaining resistant mutants 
was at least 100-i:imes higher than when using a PGR product generated using 
N400 DNA as thje template it was concluded that the mutation responsible for the 
resistant phenotype was in fabl. 

Generation of random library via mutagenic PGR of large regions of the 

I 

chromosome j 

PGR priniers were designed using in-house software, PRIMER, in 
conjunction with BIGPRIME (a modification by the Genetics Gomputer Group of 
their PRIME prcJgram to allow for products up to 25 kb). PRIMER uses the 
BIGPRIME program to interactively design a list of oligonucleotide pairs to 
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generate the library of DNA fragments used in the transformation that created 
mutant strain. Once the mutation has been mapped to a reasonable sized portion of 
the chromosomej for example less than 3 kilobasepairs, using an iterative process 

of primer design,! PGR amplification, transformation and selection of bacteria with 

j 

altered susceptibility to the chemical, the DNA from the region of the mutant that 

I 

carries the mutation can be sequenced. In this manner the mutation responsible 
for the altered sulsceptibility can be identified. From this the gene or genes 
involved in the mechanism by which the chemical affects the growth of the 
bacteria are identified. 

This system can also be used to identify mutations in a bacterial 
chromosome that have been generated by other means and result in a phenotypic 
alteration. Examples of this are 1) strains carrying extra-chromosomal elements 
that result in a detectable phenotype, such as loss of virulence, fluorescence via 
green fluorescence protein (GFP) or resistance to an antibacterial compound; or 2) 

mutant strains containing point mutations that result in resistance to antibacterial 

I 

compounds with' known or unknown targets. In the former case, PGR products 
containing the entire genome can be systematically subjected to in vitro 
mutagenesis where any external fragment of DNA can be randomly inserted into 

the PGR product! using the GPS system of New England Biolabs. The resulting 

I 

PGR products can then be transformed into the wild-type strain, the extra- 
chromosomal material recombined onto the chromosome, and mutants containing 
the desired phenotype identified and isolated. In the latter case, resistant mutants 
can be generated using chemical means such as ethylenemethane sulfonate, DNA- 
damaging agents such as UV irradiation, or simply by isolating spontaneous 
mutants that grow on plates containing a concentration of the chemical compound 
that prevents growth of the parent strain. Once a strain carrying the detectable 
phenotype has bjeen generated, PGR of the entire chromosome of the mutant 
organism in defined regions can be performed and the location of the mutation 

identified as desjcribed above. 

j 

This invention allows one to identify genes and gene products that can be 

I 

mutated and result in an altered phenotype such as changing an organism's 

susceptibility to| a particular chemical. This can be done without any prior 

i 

information about where in the chromosome such mutations would have to occur 
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and the cells incubated overnight to allow for uptake and recombination of the 
mutant PGR products. Cells from each spot were then resuspended in 150 jiL GC 

media and 5 |iL of 10"^, lO'^, and 10'^ dilutions were used to inoculate 96-well 

i 

plates containing j 100 of GC-media supplemented with Isovitalex and an 
inhibitory conceritration of the antibacterial agent. Following 2-4 days of 
incubation at 37°C with 5% CO2, wells containing viable bacteria were streaked 



onto plain plates 



md individual colonies isolated. 



Identification of Mutations Conferring Resistance 

To identify the mutation responsible for the resistance phenotype, DNA 
from the resistant mutant was amplified in 12 independent reactions using primer 
pairs corresponding to the region containing the resistance mutation. These 

products were then used as donor DNAs in transformation experiments as 

I 

described above, jand the PCR product containing the resistance mutation was 
identified by its ability restore the resistance phenotype. By generating smaller 

PCR produas (l|4 kb) which span the 8-12 kb PCR produa conferring resistance, 

I 

the transformatic>n and selection process was repeated and the mutation mapped to 
a 1-2 kb fragment of DNA. The DNA sequence of this fragment was determined 
using fluorescenje-dye sequencing on an ABI 377 and analyzed using the 
SEQUENCHERiprogram (Genecodes). The resulting sequence was compared to 
the analogous region of wild-type DNA to identify any mutation(s). 
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Generation of the PCR Product Containing site-specific gyrA Mutations 

A 480 hp gyrA PCR product was generated using primers A 
(5'.GTCCGCCAtGGCAGGTTTCTCGACAAAC-3') (Seq. 4) and B 
{5'.CATACGGACGATGGTGCCGTAAACTGCGAAATCGCCGT» 
3') (Seq, 5) (alteijed restriction sites underlined). A 570 bp gyrA PCR product that 
overlaps the oth^r gyrA product was generated using primers C (5'- 
CACCCCCACGbCGATTTCGCAGTTTA CGGCACC ATCGTCCGTATG-^') 
(Seq. 6) and D (^-CAACTTGAATTCGTTGACCTGATAGGG-30 (Seq. 7). The 
resulting PCR products were purified and combined with primers A and D in a 
PCR reaction to produce a 1050 bp fragment (called the gyrA SD-FG PCR 
product) containing the desired gyrA mutations. 

i 

Generation of Quinolone Resistance Determining Region Random Library 



A 800 bp 



PCR product containing the first 600 bp of gyrA from 



K gonorrhoeae was amplified using the oligonucleotides GC gyrA 5' Ncol 
(5^-GTCCG CCATGG CAGGTTTCTCGAC A A AC -3') (Seq. 8) and GC gyrA 3' 
Hindm (5.CCC^AGCIIGATGGTGTCGGTGAGGTTG-3') (Seq. 9) (mutant 
residues in bold, restriction enzymes sites underlined). The resulting fragment and 
pAIterEX-2 (Promega) were digested with Ncol and Hindm, and ligated to create 
pAlt-gyrA. 

To generate a pool of random insertions isolated to the gj^A QRDR 
(coding for residues 88-103), the oligonucletide GC gyrA-random 
(5'-cacggcgattccgcagtttacgacacAatcgtccgtatggcgcaaaatTTCGC-3') (Seq. 10) was 
synthesized by Integrated DNA Technologies (lower case nucleotides were 
synthesized using phosphoramidite stock solutions contaminated with 0.7% of 
each non-wild tyjpe phosphoramdite, underlined is destroyed Xcml site). The 
resulting pool of oligonucleotides contained an average of one random mutation 
per oligonucleotide. This 53-mer was used for site-specific mutagenesis of pAlt- 
gyrA per manufacturer's protocol (Altered Sites, Promega). To ensure all colonies 
resulting from the mutagenesis were not wild-type, a silent C to A mutation was 
generated in the primer (shown in bold) which destroyed a unique Xcml site. This 
allowed for all plasmids to be digested with Xcml to eliminate non-recombinant 
plasmids. All colonies (-4000) isolated from the mutagenesis reactions were 
pooled together to generate a collection of plasmids containing random single 
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tc| His, Glul61 to Gly, Glul61 to Lys, Asn65 to His, AspSO to Gly, 

and Glu62 to Lys; and 

i 

using these mutants to help to understand the mechanism of action 

I 

of quinolones, and other type IV topoisomerase inhibitors. 



10 



15 



20 



3. Mutations 'm Neisseria gonorrhoeae GyrA associated with quinolone 
resistance selected from: Asp90 to Glu, Ser91 to Cys, Asp95 to His, Glul61 to 
Gly, Glul61 ito Lys, Asn65 to His, AspSO to Gly, and Glu62 to Lys. 

I 

4. The process according to Claim 1 for identifying and characterizing drug- 
target interactions. 



for 



5. A process 
antibacterial 



identifying and characterizing a mechanism of action of an 
compound comprising: 



generating DNA fragments by polymerase chain reaction amplification of 
DTsfA from bacteria under conditions that allow for mutation of the 
frajgments; 

allowing I one or more of the generated DNA fragments to be incorporated 
inllo the chromosome of a bacteria by homologous recombination; 

isolating Ithe bacteria that demonstrate resistance to an antibacterial 
compound; and 

identifying the mutation contained in the DNA fragment. 



25 



30 



6. A process foij identifying mutations contained in the chromosome of a bacteria 
that results in an identifiable phenotype comprising: 

a) generating DNA fragments by polymerase chain reaction amplification 

I 

ofjthe bacterial chromosome corresponding to regions of the 
bs^cterial chromosome which may contain a mutation; 

i 

b) allowing one or more of the DNA fragments to be incorporated into the 

cljromDsome of a bacteria that does not display the identifiable 
phenotype by homologous recombination; 
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Generation of DljlDPE resistant FabI mutants 

Random mutations in fahl were generated as described previously (Kok et 
al.) using the PGR product generated with Gc7 (5'-GGAATTCCATATGCGTAT 
TTGAAACGTCCAATGCC-S') (Seq. 13) and Gc8 (5'- 
5 GCACCTGCAC^CAATGCGG TAC-3*) (Seq, 14) using 10 ng N400 genomic 

i 

DNA as template. PGR reactions were performed with either Taq polymerase 
(GIBGO-BRL) 6r the XL PGR kit (Perkin-Elmer). Ten independent PGR 
reactions were performed using each polymerase with the following reaction 
mixtures: lO^il lOx buflfer (supplied with enzyme), 10 ng N400 genomic DNA as 

i 

10 template, 20 pmoles primers, 200 (iM dNTP, and either 1.5 mM MgGb (for Taq) 

or 2.0 mM Mg(olAc)2 (for XL PGR) (100|il final volume). The 20 reactions were 
pooled following 35 cycles of 95°C for 15 sec, 58°G for 30 seconds and 72''G for 
1 minute. The resulting PGR products were ethanol precipitated and resuspended 
to 0.5 |j.g/ml in H2O for subsequent transformation of gonococcal strains. 

15 N400 was transformed with mutant PGR products using either the spot 

transformation technique on solid media or liquid transformation as described 
previously. The cells were than plated on GG solid media containing 0.5, 2 or 10 
^g DHDPE per 1^1 to select for DHDPE-resistant bacteria. Isolated colonies were 
passaged 2 times on GG solid media to ensure homogeneity. The fahl alleles were 

20 PGR amplified (^irectly from colonies using Gc7 and Gc8 and sequenced. All 

PGR products containing/afe/ mutations were used to transform N400 and the 
selection process was repeated. If the frequency of obtaining resistant mutants 
was at least 100-^imes higher than when using a PGR product generated using 
N400 DNA as thje template it was concluded that the mutation responsible for the 

25 resistant phenotjrpe was in fahl, 

I 

Generation of random library via mutagenic PGR of large regions of the 

I 

chromosome l 

PGR primers were designed using in-house software, PRIMER, in 
conjunction witlj BIGPRIME (a modification by the Genetics Gomputer Group of 
30 their PRIME program to allow for products up to 25 kb). PRIMER uses the 

BIGPRIME program to interactively design a list of oligonucleotide pairs to 
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16. The process of claims 1 or 2 in which the antibacterial compound inhibits 
the growth or survival of the bacteria under any condition. 

17. The process of claims 1 or 2 in which the antibacterial compound inhibits 
the growth or survival of the bacteria in culture. 

I 

18. The process of claims 1 or 2 in which the antibacterial compound inhibits 
the growth pr survival of the bacteria in an animal host. 



10 19. The proces^ of claims 1 or 2 in which the antibacterial compound is an 

inhibitor of jtype II topoisomerases. 



15 



20 



20. The process; of claims 1 or 2 in which the antibacterial compound is an 
inhibitor of jFabl. 

I 

21. The process of claims 1 or 2 in which the antibacterial compound is an 
inhibitor of enzymes involved in fatty acid biosynthesis. 



22. The process of claim 6 in which a strain of bacteria carrying the mutation 
was isolated from a culture that had been treated with a chemical mutagen. 



23. The process of claim 6 in which a strain of bacteria carrying the mutation 

i 

was isolate{^ from a culture that had been treated with ultraviolet light, 

! 

25 24. The process of claim 6 in which a strain of bacteria carrying the mutation 

was isolated from a culture in which the bacteria had been subjected to a 
mutagenic protocol that consisted of insertion of DNA into the chromosome 
of the bacteria. 



30 25. Bacteria comprising a protein in which a continguous stretch of 40 amino 

acids is at Itest 30% identical to residues 75 to 1 14 of the Neisseria 
gonorrrhoeae GyrA and the residue analogous to: 
62 is lysine or 
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I 

and the cells incubated overnight to allow for uptake and recombination of the 

I 

mutant PGR products. Cells from each spot were then resuspended in 150 ^iL GC 

media and 5 |llL bf 10^^, 10'2, and lO'^ dilutions were used to inoculate 96-well 

i 

plates containing 100 |iL of GC-media supplemented with Isovitalex and an 

I 

inhibitory concentration of the antibacterial agent. Following 2-4 days of 

i 

incubation at 37f C with 5% CO2, wells containing viable bacteria were streaked 
onto plain platesj and individual colonies isolated. 

Identification of Mutations Conferring Resistance 

To identify the mutation responsible for the resistance phenotype, DNA 
from the resistant mutant was amplified in 12 independent reactions using primer 

pairs corresponding to the region containing the resistance mutation. These 

j 

products were then used as donor DNAs in transformation experiments as 
described abovej and the PCR product containing the resistance mutation was 
identified by its ability restore the resistance phenotype. By generating smaller 
PCR produas (1-4 kb) which span the 8-12 kb PCR product conferring resistance, 

the transformation and selection process was repeated and the mutation mapped to 

I 

a 1-2 kb fragment of DNA. The DNA sequence of this fragment was determined 
using fluorescence-dye sequencing on an ABI 377 and analyzed using the 
SEQUENCHEk program (Genecodes). The resulting sequence was compared to 
the analogous region of wild-type DNA to identify any mutation(s). 
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29. A protein comprising in which a contiguous stretch of 40 amino acids is at 
least 30% i<lentical to residues 75 to 1 14 of the Neisseria gonorrrhoeae 
GyrA andlhe residue analogous to: 

62 is lysine! or 

I 

S 63 is arginine or glutamic acid or 

i 

65 is histidine or 
135 is valine' or 

161 is glutamic acid or lysine or glycine. 

I 

i 

10 30. Neisseria gonorrheae GyrA protein comprising amino acid substitutions 

when residue 

i 

62 is lysin^, or 

63 is arginine or glutamic acid, or 
65 is histidine, or 

15 80 is alanine or glycine, or 

90 is arginine or glutamic acid, or 

I 

91 is tyrosine or alanine or cysteine, or 

92 is proline, or 

I 

95 is arginine or alanine or valine or tyrosine or histidine or glycine, or 

i 

20 1 14 is histidine, or 

135 is valine, or 

i 

161 is glutamic acid or lysine or glycine. 

3 1 . Bacteria comprising a protein that is at least 30% identical to the sequence of 
25 the Neisseria gonorrhoeae FabI protein in which the amino acid residue 

i 

corresponding to 
15 is valinje, or 
20 is threc^nine, or 
23 is glycine, or 

30 25 is valinb, or 

i 

5 1 is threonine, or 
91 is threonine, or 

93 is cysteine or serine, or 
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to His, Glul61 to Gly, Glul61 to Lys, Asn65 to His, Asp80 to Gly, 

arid Glu62 to Lys; and 

f) using these mutants to help to understand the mechanism of action 

of quinolones, and other type IV topoisomerase inhibitors. 

I 
I 

3. Mutations \n Neisseria gonorrhoeae GyrA associated with quinolone 

I 

resistance selected from: Asp90 to Glu, Ser91 to Cys, Asp95 to His, GIul61 to 
Gly, Glul61 to Lys, Asn65 to His, Asp80 to Gly, and Glu62 to Lys. 

I 

4. The process according to Claim 1 for identifying and characterizing drug- 
target interactions. 

5. A process fo r identifying and characterizing a mechanism of action of an 
antibacterial jcompound comprising: 

! 

generating DNA fragments by polymerase chain reaction amplification of 

DNA from bacteria under conditions that allow for mutation of the 

I 

fragments; 

allowing! one or more of the generated DNA fragments to be incorporated 
into the chromosome of a bacteria by homologous recombination; 

isolating the bacteria that demonstrate resistance to an antibacterial 
ccjmpound; and 

identifying the mutation contained in the DNA fragment. 



25 



30 



6. A process for identifying mutations contained in the chromosome of a bacteria 
that results in an identifiable phenotype comprising: 

I 

a) geneilating DNA fragments by polymerase chain reaction amplification 

o^'the bacterial chromosome corresponding to regions of the 
bacterial chromosome which may contain a mutation; 

b) allowing one or more of the DNA fragments to be incorporated into the 

cliiromosome of a bacteria that does not display the identifiable 

i 

phenotype by homologous recombination; 
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23 is glycine, or 

i 

25 is valine,! or 

I 

5 1 is threonine, or 

i 

91 is threonine, or 

j 

5 93 is cysteine or serine, or 

95 is valinej or 

104 is leuciAe', or 

i 

105 is histidine, or 
144 is valine, or 

10 147 is histidine, or 

159 is alanine, or 

i 

160 is isoleiicine, or 

162 is valine, or 

j 

193 is asparagine or valine, or 
15 201 is valine, or 

203 is tyrosine or valine, or 

204 is serine or leucine or isoleucine or valine, or 
212 is threonine or valine, or 

247 is asparagine. 

i 

i 
I 

35. A Neisseria gonorrhoeae FabI protein comprising the amino acid 



20 



corresponding to residue: 



15 is valine, or 
20 is threonine, or 

25 23 is glycine, or 

25 is valine,! or 
51 is threonine, or 
91 is threonine, or 
93 is cysteine or serine, or 

30 95 is valine! or 

104 is leucine, or 

i 

105 is histidine, or 
144 is valine, or 
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The process of claims 1 or 2 in which the antibacterial compound inhibits 

I 

the growth or survival of the bacteria under any condition. 

The process of claims 1 or 2 in which the antibacterial compound inhibits 
the growth or survival of the bacteria in culture. 



The process of claims 1 or 2 in which the antibacterial compound inhibits 
the growth ot survival of the bacteria in an animal host. 

The process of claims 1 or 2 in which the antibacterial compound is an 
inhibitor of type II topoisomerases. 

The process of claims 1 or 2 in which the antibacterial compound is an 
inhibitor of Fabl. 

The process of claims 1 or 2 in which the antibacterial compound is an 
inhibitor of jenzymes involved in fatty acid biosynthesis. 



The process of claim 6 in which a strain of bacteria carrying the mutation 
was isolated from a culture that had been treated with a chemical mutagen. 

The process; of claim 6 in which a strain of bacteria carrying the mutation 
was isolated from a culture that had been treated with ultraviolet light. 



The proces^ of claim 6 in which a strain of bacteria carrying the mutation 
was isolate^ from a culture in which the bacteria had been subjected to a 
mutagenic protocol that consisted of insertion of DNA into the chromosome 
of the bact^a. 

i 

Bacteria comprising a protein in which a continguous stretch of 40 amino 
acids is at teast 30% identical to residues 75 to 1 14 of the Neisseria 
gonorrrhoeae GyrA and the residue analogous to: 
62 is lysinel or 
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i 

29. A protein comprising in which a contiguous stretch of 40 amino acids is at 
least 30% identical to residues 75 to 1 14 of the Neisseria gonorrrhoeae 

GyrA and the residue analogous to: 

j 

62 is lysin^ or 

i 

5 63 is arginine or glutamic acid or 

I 

65 is histidine or 

135 is valine or 

I 

161 is glutamic acid or lysine or glycine. 

i 

10 30. Neisseria goiiorrheae GyrA protein comprising amino acid substitutions 

when residue 

62 is lysine, or 

63 is arginine or glutamic acid, or 
65 is histidine, or 

15 80 is alanine or glycine, or 

I 

90 is arginine or glutamic acid, or 

j 

91 is tyrosine or alanine or cysteine, or 

92 is proline, or 

95 is arginine or alanine or valine or tyrosine or histidine or glycine, or 
20 1 14 is histidine, or 

135 is valine, or 

161 is glutamic acid or lysine or glycine. 

i 

31. Bacteria cpmprising a protein that is at least 30% identical to the sequence of 

25 the Neisseria gonorrhoeae FabI protein in which the amino acid residue 

j 

corresponding to 

i 

15 is valinje, or 
20 is threonine, or 
23 is glycine, or 
30 25 is valine, or 

51 is threbnine, or 

I 

91 is threonine, or 

93 is cysteine or serine, or 
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23 is glyciite, or 
25 is valine, or 

5 1 is threonine, or 

i 

91 is threoriine, or 

I 

5 93 is cysteine or serine, or 

95 is valine! or 

104 is leucine, or 

105 is histidine, or 
144 is valine, or 

10 147 is histidine, or 

159 is alanine, or 

160 is isoleticine, or 

i 

162 is valii^e, or 
193 is aspajagine or valine, or 
15 201 is valine, or 

203 is tyrosine or valine, or 



204 is serine or leucine or isoleucine or valine, or 
212 is threonine or valine, or 



247 is asparagine. 

i 



35. A Neisseria gonorrhoeae FabI protein comprising the amino acid 

i 

corresponding to residue: 

15 is valine^ or 

I 

20 is threoriine, or 

! 

25 23 is glycinje, or 

25 is valind, or 
51 isthreoidne, or 
91 is threonine, or 
93 is cysteine or serine, or 

30 95 is valine, or 

i 

104 is leucine, or 

105 is histidine, or 
144 is valine, or 
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SEQUENCE LISTING 



<110> Dunham, Steven 

I 

Olsonjr Eric 

5 I 

<120> A MODEL SYSTEM FOR DRUG DELIVERY 

I 

<130> PR. 3021. 001 60/105,965 DRUG DISCOVERY 

i 

j 

10 <140> 60/105,965 

<141> 1998-10-28 



<160> 14 



15 



20 



25 



I 



<170> Patenjtin Ver. 2.0 

<210> 1 
<211> 16 
<212> PRT 

<213> Neisseria gonorrhoeae 
<400> 1 

His Gly Aspj Ser Ala Val Tyr Asp Thr lie Val Arg Met Ala 
Gin Asn 

15 10 

15 



<210> 2. 
30 <211> 173 

<212> PRT 

<213> Neisseria gonorrhoeae 
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Rapid generation of site- 
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> 



PRIMER A1! ^ 

PRIMER Bl! 
PRIMER A2| 
PRIMER BZ 
★ = SITE SPECIFIC MUTATION(S) 



5" FRAGMENT 
3' FRAGMENT 



0 



GENERATE OVER LAPPING 
FRAGMENTS CONTAINING 
MUTATION VIAPCR 



0 



COMBINE 5" AND 3* FRAGMENTS 
WITH OUTSIDE PRIMERS AND PGR 
TO CREATE FULL LENGTH PRODUCT 
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i 
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V NON-SELECTABLE MUTANTS BY 

RESTRICTION ENZYME MODIFICATION 
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Gly Gin GlyjAsn Phe Gly Ser Val Asp Gly Leu Ala Ala Ala 
Ala Met ! 



115 



120 



125 



Arg Tyr Thr jGlu lie Arg Met Ala Lys lie Ser His Glu Met 
Leu Ala j 

130 I 135 140 



10 



Asp lie Glu Glu Glu Thr Val Asn Phe Gly Pro Asn Tyr Asp 

I 

Gly Ser ! 

145 I 150 155 

160 I 



15 



Glu His Glu I Pro Leu Val Leu Pro Thr Arg Phe Pro Thr 



i 165 



170 



20 



25 



30 



<210> 3 
<211> 261 
<212> PRT 



<213> Neisseria gonorrhoeae 



<400> 3 
Met Gly Phe 
lie Ser 
1 

15 



Leu Gin Gly Lys Lys He Leu He Thr Gly Met 



10 



Glu Arg Ser He Ala Tyr Gly He Ala Lys Ala Cys Arg Glu 
Gin Gly j 

i 20 25 30 
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Leu Ser Tyr Leu Gly Ala Val Arg Ala lie Pro Asn Tyr Asn 
Val Met 

145 j 150 155 

160 i 

! 

i 

Gly Met Ala I Lys Ala Ser Leu Glu Ala Gly lie Arg Phe Thr 
Ala Ala j 

i 165 170 



175 



Cys Leu GlyjLys Glu Gly lie Arg Cys Asn Gly lie Ser Ala 
Gly Pro I 



180 



185 



190 



15 



20 



25 



lie Lys Thr I Leu Ala Ala Ser Gly lie Ala Asp Phe Gly Lys 



I 

Leu Leu i 

I 

195i 



200 



205 



I 



Gly His Val 
He Glu 
210 



Ala Ala His Asn Pro Leu Arg Arg Asn Val Thr 



215 



220 



Glu Val Gly j Asn Thr Ala Ala Phe Leu Leu Ser Asp Leu Ser 
Ser Gly I 

225 j 230 235 

240 ' 



30 



He Thr Glyi Glu He Thr Tyr Val Asp Gly Gly Tyr Ser He 



Asn Ala 



255 



245 



250 
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<110> Dunhata, Steven 
Olsoni, Eric 



<120> A MODEL SYSTEM FOR DRUG DELIVERY 



<130> PR. 3021. 001 60/105,965 DRUG DISCOVERY 



10 <140> 60/1015, 965 

<141> 1998-10-28 



15 



<160> 14 



<170> Patentln Ver. 2.0 



20 



<210> 1 
<211> 16 
<212> PRT I 

<213> Neisseria gonorrhoeae 



25 



30 



<400> 1 
His Gly Asp 
Gin Asn 
1 

15 



<210> 2 
<211> 173 
<212> PRT 



Ser Ala Val Tyr Asp Thr He Val Arg Met Ala 



10 



<213> Neiss|eria gonorrhoeae 
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<211> 27 
<212> DNA . 

r 

<213> Neissjeria gonorrhoeae 



<400> 7 



I 



caacttgaat tcgttgacct gataggg 



27 



<210> 8 j 
10 <211> 28 I 

<212> DNA i 

<213> Neissjeria gonorrhoeae 



15 



<400> 8 

gtccgccatg bcaggtttct cgacaaac 
28 



20 



<210> 9 ! 
<211> 28 I 

<212> DNA i 

j 

<213> Neissjeria gonorrhoeae 



25 



<400> 9 ] 

] 

cccaagcttg ptggtgtcgg tgaggttg 
28 I 



30 



<210> 10 j 
<211> 53 I 

<212> DNA I 

<213> Neissieria gonorrhoeae 



<400> 10 
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Gly Gin GlyjAsn Phe Gly Ser Val Asp Gly Leu Ala Ala Ala 



Ala Met 



115 



120 



125 



10 



15 



Arg Tyr Thr I Glu lie Arg Met Ala Lys lie Ser His Glu Met 
Leu Ala i 

130 I 135 



140 



I 



Asp lie Glu Glu Glu Thr Val Asn Phe Gly Pro Asn Tyr Asp 
Gly Ser ] 



145 
160 



150 



155 



Glu His Glu j Pro Leu Val Leu Pro Thr Arg Phe Pro Thr 
i 165 170 



20 



<210> 3 I 

I 

<211> 261 I 
<212> PRT i 

<213> Neisseria gonorrhoeae 



25 



I 



<400> 3 

Met Gly Phe I Leu Gin Gly Lys Lys lie Leu He Thr Gly Met 
He Ser ! 

1 j 5 10 

15 I 



30 



Glu Arg Ser He Ala Tyr Gly He Ala Lys Ala Cys Arg Glu 
Gin Gly j 

I 20 25 30 
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10 



20 



25 



30 



Leu Ser Tyrj Leu Gly Ala Val Arg Ala lie Pro Asn Tyr Asn 



Val Met 

145 

160 



150 



155 



Gly Met Ala| Lys Ala Ser Leu Glu Ala Gly lie Arg Phe Thr 



Ala Ala 



175 



165 



170 



Cys Leu Glyj Lys Glu Gly lie Arg Cys Asn Gly lie Ser Ala 
Gly Pro I 



I 



180 



185 



190 



15 lie Lys Thr 

Leu Leu 

195 



Leu Ala Ala Ser Gly lie Ala Asp Phe Gly Lys 



I 



200 



205 



Gly His Val Ala Ala His Asn Pro Leu Arg Arg Asn Val Thr 
He Glu 

215 220 



210 



Glu Val Glyj Asn Thr Ala Ala Phe Leu Leu Ser Asp Leu Ser 
Ser Gly 



225 
240 



230 



235 



He Thr Glyj Glu He Thr Tyr Val Asp Gly Gly Tyr Ser He 
Asn Ala 

245 250 

I 

255 i 
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